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ABSTRACT 



The present invention relates to a handover method in 
CDMA mobile communication. In particular, a mobile sta- 
tion MS measures a time difference x between a frame 
timing in a traffic channel and a frame timing in a perch 
channel from a second base station BS2. The mobile station 
transmits the time difference x to a base station in commu- 
nication BS1 with the mobile station. The base station BS1 
sends the time difference x and a frame number FN# of the 
upstream traffic channel to the base station BS2. The base 
station BS2 corrects the phase of the spreading code for 
despreading the upstream traffic channel based on the 
received time difference x of the frame timing and the 
notified frame number FN#. 

25 Claims, 16 Drawing Sheets 
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FIG. 8 



03/30/2004, EAST Version: 1.4.1 



U.S. Patent Mar. 23, 2004 Sheet 9 of 16 



US 6,711,149 Bl 




FIG. 9 
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FIG. 10 
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HANDOVER METHOD IN CDMA MOBILE base station BS2. (H) of the figure shows the receiving frame 

COMMUNICATION BASE STATION AND of the downstream traffic channel signal of the mobile 

MOBILE STATION station MS after handover. 

The transmission radio frame (A) of the downstream 

5 trafBc channel signal from the first base station BS1 is 

BACKGROUND OF THE INVENTION received at the mobile station MS along with a propagation 

The present invention relates to a handover method for a dela y of the radio sec tion - ^ mobile slation transmits the 

CDMA mobile communication using a spread spectrum r * dio fra r mc <Q> m u f tream traffic channel after an 

signal, for a base station and a mobile station of the same. cla P se . of a Predetermmed timing (1024 chips) from the 

Hie CDMA method is a leading candidate for the next io ™** on radl ° framc W of ^ downstream traffic channel 

generation of mobile communication systems as a multiple * , . . , , • 

i „„„„t, 1i , „f „„-ii„ At the time of the handover, the mobile station MS 

access method capable oi rapidly increasing the system . ,„ . , . , . , A .... m \ c 

capacity (number of channels). Progress is being made in *e Pe'ch c -el signal transited (D) rom 



standardization for practical use. 



the second base station BS2. The mobile station then 

„ . . . . , . ,™ WA ... is extracts the frame number written in each radio frame of the 

Presently, in the wideband CDMAmoMe communication rch channe , ^ d between mat 

system being standardized, cnimniiucabon information frame ^ ^ frame numbef Qf ^ am ^ 

between a base station and a mobile station .s spread in channe , Qtl ^ transmitted, and the discrepancy of 

frame units. The frame units are > obtained by partitioning the ^ timj of , he radk) frames one frame ^ mQbile 

^formation into predetermined lengths, for example, 10 stadon MS sends rad io frame phase discrepancy information 

msec (hereinafter, this frame unit will be referred to as a T OHO indicating the discrepancy of these frame numbersand 

1 )' the discrepancy of the timings of the radio frames within one 

An upstream traffic channel signal from a mobile station frame to the first base station, 

is spread using a spreading code initialized for every "super The ^ basc station RS1 the radio frame phase 

frame comprised of 72 radio frames as a unit period. For 25 dis information T DHO to the second base station 

tins reason, when performing control to switch (handover) a ^ via the rank communication network. The sec- 

communication channel from a first base station in commu- ond bage smiQn BS2 theQ ^ tion phase of the 

nication to a second base station when a mobile station fadio frame ^ the upstream ^aSic channel based on the 

moves from a radio zone of the first base station to a radio radk) frame faase disc cy information T DHO and brings 

zone of the second base station it is necessary to synchro- 3Q me . of ^ recepfion ^fto frame (F) of the upstream 

mze the upstream traffic channel signal in commumcation ^ chaDnel gi ^ of tQe gecond base station ^ intQ 

with the phase of the spreading code at the second base coincidence with the phase of the transmission radio frame 

station for reception of the upstream traffic channel. (c) of ^ upstream channel signal from the mobile 

In other words, it is necessary to correct the discrepancy station MS. Mote that the phase correction of the propagation 

of frame numbers (corresponding to the phases of the 35 d e i ay m tne ra dio section is also carried out. 

spreading code) of the radio frame between the first base ^ setCQQd base statioQ Bs2 tansadts (G) me down . 

station in communication and the second base station. stream tnmc channel signal with a timing advanced from 

Further, it is necessary to correct the discrepancy of frame me phase of ^ reception ra di 0 frame (F) of the upstream 

timings within one frame time. For this reason, a perch channel signal by 1024 chips . The reason for this is 

channel signal giving reference timing for measuring the ^ mat> M ment ioned above, the mobile station transmits the 

discrepancy of the timings of the radio frames is transmitted radio &ame m me upstream traffic channel after the timing 

from the second base station. The mobile station measures of 1024 chips from the phase of the rece ption radio frame 

the discrepancy of the radio frames between the first base ^ of the doW n S tream traffic channel signal, so as to 

station in communication and the second base station based coincide with that timing 

on this perch channel signal, and then sends the information 4S [q Qther WQrd m ^ faase correction of a radio frame of 

to the first base station in communication. The second base ^ related me mobile MS ^ ^ frame 

station receives the information via a higher rank commu- number m ^ radiQ frame ^ ^ fa channel and 

nication network and corrects the radio frame number for measufe ^ di of the timin of the radio frames 

receiving ,the .upstream traffic channel signal and the timing Qne frame betweeQ ^ fa CQannel and m£ 

thereof, that is, the phase of the radio frame, according to the 50 upstream traffic channel 

. . In view of the above discussion, when frequency bands 

FIG. 16 shows the phase correction of the radio frame of „ « , 4 „,_ t . . t L nt n 

. . , A /iX -a. c . . . . used between the base stations differ, it is necessary that a 

the related art. (A) of the figure shows a transmission radio • j . t n:u 1-1 

r " / v 7 5_ T . , ' ' \ mobile station receive a downstream traffic channel signal 

frame for a downstream traffic channel signal of a first base fr ol „ . „ rtmm „„- # - „ ot t - ; n f 

. . r t L n . from the base station in commumcation at the time 01 

station BS1 in communication. (B) of the figure shows a 55 , Tf . ^^ Mr „ ™k;t^ ets »; 

. jj.^. r , - , handover. It is also necessary that the mobile station receives 

received radio frame of the downstream traffic channel ipei ^ chmne i aigna i taull!niittedby me second base station 

s.gnal of a mobile station MS before handover. (C) of the whik „ eadi aQ(J decodin the downstream traffic 

figure shows a transm^sion radio frame of the upstream chaflnel Furthe ^ channel mus , be 

traffic channel signal of the mobile station MS and decoded (0 extfact me frame numbef ^ ^ 

(D)ofthefigureshowsmetrarBmissionradioframeofthe 60 fu nc , iona i circuits of a mobUe slation have become com- 

perch channelsignal of a second base nation BS2 (E)of the k]t However, since a mobile station should have a minimal 

figure shows the reception radio tone. of the perch channel size and wei ^ it would te u u desirable to , he 

signal of the mobile station MS and (F) of the figure shows complexity of the fo^^ ^1*. 
the reception radio frame of the upstream traffic channel 

signal of the second base station BS2. S 5 SUMMARY OF THE INVENTION 

Further, (G) of the figure shows the transmission radio An object of the present invention is to realize handover 

frame of the downstream traffic channel signal of the second which corrects the discrepancy of the frame numbers on the 
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base station side and establishes a synchronization after 
handover to thereby make extraction of the frame number in 
the perch channel in the mobile station unnecessary. 

Another object of the present invention is to reduce the 
processing load of the mobile station, and optimally correct 5 
the phase of the radio frame. 

These and other objects are met by a handover method in 
CDMA mobile communication according to the present 
invention that includes a handover method in CDMA mobile 
communication for transmitting and receiving between a 10 
mobile station and a base station in both an upstream traffic 
channel signal and a downstream traffic channel signal. This 
communication is performed in units of a radio frame having 
a predetermined length, for spreading the upstream traffic 
channel signal from the mobile station to the base station by 15 
a spreading code having a plurality of periods in the radio 
frames as one period and transmitting the spread signal. 

The handover method includes a step of, at the mobile 
station, measuring a time difference of frame timings within ^ 
one frame between the radio frame of a traffic channel with 
a first base station in communication and the radio frame of 
a perch channel from a second base station of a destination 
of the handover. Further sending the time difference infor- 
mation of frame timing within the one frame to the first base 
station. A step of, at the first base station sending a time 25 
difference information of the frame timing within one frame 
and the frame number of the radio frame which is sent from 
the mobile station of the traffic channel in communication, 
via a higher rank communication network to the second base 
station. 

A step of at the second base station, performing a phase 
correction for bringing the phase of the spreading code for 
receiving the radio frame in the upstream traffic channel of 
the second base station into coincidence with the phase of 3S 
the spreading code in the upstream traffic channel from the 
mobile station. This is accomplished using the time differ- 
ence information of the frame timing within one frame and 
the frame number of the radio frame of the traffic channel in 
communication, which are both sent from the first base ^ 
station. 

The handover method according to the present invention 
includes additional steps of, at the second base station when 
synchronization cannot be established even if despreading 
the radio frame signal in the upstream traffic channel trans- 45 
mitted from the mobile station by a spreading code of a 
phase corresponding to the frame number of the radio frame 
in the traffic channel in communication; which is sent by the 
first base station. 

The method includes advancing the phase of the spread- 50 
ing code for receiving the radio frame at the period of the 
next radio frame to the phase corresponding to the radio 
frame of the next period to try the despread of the radio 
frame signal in the upstream traffic channel. Further, sequen- 
tially advancing the phase of the spreading code for every 55 
period of said radio frame until synchronization is estab- 
lished. 

Bringing the phase of the spreading code for receiving the 
radio frame in the upstream traffic channel at the second base 
station into coincidence with the phase of the spreading code eo 
of the radio frame in the upstream traffic channel from the 
mobile station to perform the phase correction. 

Bringing the phase of the spreading code for receiving the 
radio frame in the upstream traffic channel at the second base 
station into coincidence with the phase of the spreading code 65 
of the radio frame in the upstream traffic channel from the 
mobile station to perform the phase correction. 



149 Bl 

4 

The handover method according to the present invention 
further includes the second base station, temporarily setting 
the spreading code of the phase corresponding to the frame 
number advanced by a predetermined number from the 
frame number of the radio frame in the traffic channel in 
communication which is sent from the first base station. 

Despreading by the temporarily set spreading code for 
each radio frame signal of the upstream traffic channel 
sequentially transmitted from the mobile station until the 
establishment of synchronization is detected. 

The handover method according to the present invention 
further includes the second base station, detecting the frame 
number of the perch channel of the second base station when 
notified of time difference information of frame timing 
within the one frame from the first base station. Further, 
transmitting a first transmission delay measurement -use 
signal to the first base station. 

The first base station transmitting to the second base 
station a second transmission delay measurement-use signal 
including the frame number of the traffic channel at the first 
base station when receiving the first transmission delay 
measurement-use signal. 

The second base station finding an amount of transmis- 
sion delay between the first base station and the second base 
station by using a difference between a value of the frame 
number, at the reception of the second transmission delay 
measurement-use signal, of the perch channel of the second 
base station and a value of the frame number, at the 
transmission of the first transmission delay measurement- 
use signal, of the perch channel of the second base station. 

The second base station, correcting the frame number of 
the traffic channel of the first base station included in the 
second transmission delay measurement-use signal based on 
the amount of transmission delay, to make the spreading 
code of the phase corresponding to the corrected frame 
number as the spreading code for receiving the radio frame 
in the upstream traffic channel of the second base station. 

Bringing the phase of the spreading code for receiving the 
radio frame in the upstream traffic channel of the second 
base station into coincidence with the phase of the spreading 
code of the radio frame in the upstream traffic channel from 
the mobile station to perform the phase correction. 

The handover method in a CDMAmobile communication 
for transmitting and receiving between a mobile station and 
a base station an upstream traffic channel signal and a 
downstream traffic channel signal in units of a radio frame 
having a predetermined length. The upstream traffic channel 
signal from the mobile station to the base station is spread 
by a spreading code having a plurality of periods of the 
frames as one period and transmitting the spread signal. 

The method including a second base station which is the 
destination of the handover after performing the phase 
correction, starting the transmission of the downstream 
traffic channel signal. 

The handover method according to the present invention 
further includes that the second base station notifies the start 
of the transmission of the downstream traffic channel signal 
via the first base station to the mobile station. Further, the 
mobile station switches a communication frequency band 
from the frequency band of the first base station to the 
frequency band of the second base station when receiving 
the notification. 

Further, the handover method according to the present 
invention includes that the mobile station sends the time 
difference information of the frame timing within said one 
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frame to the first base station and then monitors the trans- traffic channel when the time difference information of the 

mission start of the downstream traffic channel signal from frame timing within the one frame is sent from the first base 

the second base station. station. 

The communication frequency band is also switched from Further in the handover method, the second base station 

the frequency band of the first base station to the frequency 5 performs the phase correction as set when the establishment 

band of the second base station when detecting the trans- of synchronization is not detected when receiving the 

mission start of the downstream traffic channel signal from upstream traffic channel signal from the mobile station, 

the second base station. Abase station in a CDMA mobile communication system 

Further, the present invention provides a handover according to the present invention for transmitting and 

method in CDMA mobile communication for transmitting 10 receiving with a mobile station in an upstream traffic channel 

and receiving between a mobile station and a base station in signal and a downstream traffic channel signal. The com- 

an upstream traffic channel signal and a downstream traffic munication is performed in units of a radio frame having a 

channel signal. The communication is performed in units of predetermined length, for despreading the upstream traffic 

a radio frame having a predetermined length, for spreading channel signal from the mobile station to the base station by 

the upstream traffic channel signal from the mobile station to a spreading code having a plurality of periods of the radio 

the base station by a spreading code having a plurality of frame as one period and receiving the despread signal, 

periods of the radio frame as one period and transmitting the The base station includes means for receiving time dif- 

spread signal. ference information of frame timings within one frame 

The method includes the mobile station, after sending the between a radio frame in a traffic channel and a radio frame 

time difference information of the frame timing within one in a perch channel of a base station of the destination of 

frame to a first base station in communication, continuing 20 handover sent from the mobile station in communication, 

the communication with the first base station for a prede- Means for sending a frame number of the radio frame in 

termined time period. the traffic channel of the mobile station and the time differ- 

The second base station which is the destination of ence information of the frame timing within one frame sent 

handover, performs the phase correction when the upstream from toe mobile station to the base station of the destination 

traffic channel signal is not received from the mobile station, 25 of handover via higher rank communication network, 

notifying to the mobile station of an alarm via the first base Means for performing the phase correction for bringing a 

station within the predetermined time period. P hase of a spreading code for receiving the radio frame in 

r~P« . . . • f , n • r the upstream traffic channel of the mobile station into 

The mobile station switching the communication ire- . F. . - ,. . - iL ,. 

u .r tU s u * *- coincidence with a phase of a spreading code of the radio 

quency ^and from the frequency band of the first base station ^ ^ m ^ ^ ^ P channe f from the mo5ile 

to the frequency band of the second base station after an sl ^ on ^ fa [ Ushed based on tne time difference 

elapse of the predetermined time period if there is no alarm. mformation of the f rame timing within the one frame and the 

The present invention also provides a handover method frame num ber of the radio frame in the traffic channel which 

including a mobile station that switches the communication are both sent from the base station in communication, 

frequency band from the frequency band of the first base 3S xhe base station according to the present invention is also 

station to the frequency band of the second base station provided with means for sequentially incrementing every 

immediately after sending time difference information of the other frame number of the radio frame notified from the base 

frame timing within one frame to the first base station in station in communication for every period of the radio frame 

communication. Further, the second base station performs until synchronization is established. Further, means for 

phase corrections. ^ despreading the upstream traffic channel signal by a spread- 

The present invention provides a mobile station that ing code of a phase corresponding to the frame number to 

measures the time difference of frame timings within one detect the establishment of synchronization to perform the 

frame between the radio frame in the traffic channel with the phase correction. 

first base station and the radio frame in the perch channel According to the present invention, the base station is also 

from the second base station. Then sending the time differ- 45 provided with means for temporarily setting a spreading 

ence information of frame timing within the one frame to the code of a phase corresponding to the frame number 

base station. advanced by a predetermined number from the frame num- 

Further, the first base station, sending the time difference ber of the radio frame notified from the base station in 
information of the frame timing within one frame sent from communication. Further, means for despreading by tempo- 
trie mobile station via the higher rank communication net- 50 rarily setting the spreading code for each radio frame signal 
work to the second base station. The second base station in the upstream traffic channel sequentially transmitted from 
corrects reception timing for bringing the frame timing of the mobile station until the establishment of synchronization 
the radio frame in the upstream traffic channel of the second is detected to perform the phase correction, 
base station into coincidence with the frame timing of the The base station according to the present invention also 
radio frame in the upstream traffic channel from the mobile 55 includes means for detecting the frame number in the perch 
station. This is accomplished by using the time difference channel when notified of time difference information of the 
information of the frame timing within the frame sent from frame timing within the one frame from the base station in 
the first base station. communication with the mobile station. Further, means for 

The mobile station initializes the phase of the spreading transmitting a first transmission delay measurement-use 

code in the upstream traffic channel when switching the 60 signal to the base station in communication with the mobile 

communication frequency band from the frequency band of station. 

the first base station to the frequency of the second base Means for transmitting to a base station of the destination 

station alternatively sending the time difference information of handover a second transmission delay measurement -use 

of the frame timing within the one frame to the first base signal including the frame number in the traffic channel 

station. 65 when receiving the first transmission delay measurement- 

The second base station also initializes the phase of the use signal from the base station of the destination of han- 

spreading code for receiving the radio frame in the upstream dover. 
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Means for receiving the second transmission delay 
measurement-use signal and finding an amount of transmis- 
sion delay between the base station in communication with 
the mobile station and the base station which is the desti- 
nation of handover. The amount of transmission delay is 5 
found from the difference between the value of the frame 
number in the perch channel at the time of reception of the 
second transmission delay measurement-use signal and the 
value of the frame number in the perch channel at the time 
of transmission of the first transmission delay measurement- 10 
use signal. 

Means for correcting the frame number in the traffic 
channel included in the second transmission delay 
measurement-use signal based on the amount of transmis- 
sion delay, to make the spreading code of the phase corre- is 
sponding to the corrected frame number as the spreading 
code for receiving the radio frame in the upstream traffic 
channel after handover. 

The base station is provided with means for starting the 
transmission of the downstream traffic channel signal after 20 
handover after performing the phase correction. 

The base station is also provided with means for notifying 
the start of transmission of the downstream traffic channel 
signal via the base station in communication with the mobile 
station to the mobile station. 25 

Further, the base station is provided with means for 
notifying the mobile station of an alarm via the base station 
in communication with the mobile station when the 
upstream traffic channel signal is not received from the 
mobile station within a predetermined time period after 30 
performing the phase correction. 

The base station according to the present invention 
includes means for receiving time difference information of 
the frame timings within one frame between a radio frame 
in a traffic channel and a radio frame in a perch channel of 35 
a base station, which is the destination of the handover sent 
from the mobile station. 

Means for sending the time difference information of the 
frame timing within the one frame sent from the mobile 

40 

station via the higher rank communication network to the 
base station which is the destination of handover. 

A reception frame timing correcting means for bringing 
the frame timing into coincidence with the frame timing of 
the radio frame in the upstream traffic channel of the mobile 45 
station. This is accomplished by using the time difference 
information of the frame timing within one frame sent via 
the higher rank communication network. 

Means for initializing a phase of a spreading code that 
receives the upstream traffic channel signal when receiving 50 
the time difference information of the frame timing within 
one frame via the higher rank communication network. 

The base station according to the present invention also is 
provided with means for performing the phase correction 
with respect to the upstream traffic channel signal after 5S 
handover. 

Further, according to the present invention, a mobile 
station in a CDMA mobile communication system for trans- 
mitting and receiving with a base station in an upstream 
traffic channel signal and a downstream traffic channel signal 60 
in units of a radio frame having a predetermined length. 
Further, for spreading the upstream traffic channel signal of 
the base statioa by a spreading code having a plurality of 
periods of the radio frame as one period and transmitting the 
spread signal. 65 

The mobile station including means for measuring the 
time difference of the frame timing within one frame 



between a radio frame in a traffic channel with a first base 
station in communication and a radio frame in a perch 
channel from a second base station, which is the destination 
of handover. Further, means for sending the radio frame 
phase information indicating only the time difference of the 
frame timing within the one frame to the first base station. 

The mobile station is also provided with means for 
switching the communication frequency band from the 
frequency band of the first base station to the frequency band 
of the second base station when receiving the notification of 
start of the transmission of the downstream traffic channel 
signal from the second base station via the first base station. 

The mobile station according to the present invention also 
includes means for monitoring the transmission start of the 
downstream traffic channel signal from the second base 
station after sending the radio frame phase information to 
the first base station means for switching the communication 
frequency band from the frequency band of the first base 
station to the frequency band of the second base station 
when detecting the transmission start of the downstream 
traffic channel signal from the second base station by the 
means for monitoring the transmission start. 

The mobile station according to the present invention also 
includes means for continuing the communication with the 
first base station for a predetermined time period after 
sending the radio frame phase information to the first base 
station. Means for receiving an alarm notified from the 
second base station via the first base station. 

Means for switching the communication frequency band 
from the frequency band of the first base station to the 
frequency band of the second base station after an elapse of 
the predetermined time period when the alarm is not 
received within the constant time. The mobile station is also 
provided with means for switching the communication fre- 
quency band from the frequency band of the first base station 
to the frequency band of the second base station immedi- 
ately after sending the radio frame phase information to the 
first base station. 

The mobile station is also provided with means for 
initializing the phase of the spreading code in the upstream 
traffic channel after sending the radio frame phase informa- 
tion to the first base station. 

The mobile station is also provided with means for 
transmitting the upstream traffic channel signal to the second 
base station with the same transmission power, when com- 
municating with the first base station as an initial transmis- 
sion power after handover. 

The mobile station is also provided with means for 
transmitting the upstream traffic channel signal to the second 
base station with the transmission power designated by the 
second base station via the first base station as an initial 
transmission power after handover. 

The mobile station also provided with means for deter- 
mining an initial transmission power after handover based 
on the received power of the perch channel from the second 
base station. 

Further, the mobile station is provided with means for 
determining an initial transmission power after handover 
based on the received power of the downstream traffic 
channel from the second base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram showing the measurement of a time 

difference for frame timing at a mobile station; 

FIG. 2 is a diagram showing the first embodiment of the 

correction of phase for a radio frame according to the present 

invention; 



03/30/2004, EAST Version: 1.4.1 



US 6,7 

9 

FIG. 3 is a diagram showing a second embodiment of the 
correction phase for a radio frame according to the present 
invention; 

FIG. 4 is a diagram showing a third embodiment of the 
correction of phase for a radio frame according to the present 
invention; 

FIG. 5 is a diagram showing a fourth embodiment of 
correction of phase for a radio frame according to the present 
invention; 

FIG. 6 is a diagram showing the start of a downstream 
traffic channel transmission to a base station that is the target 
of the handover according to the present invention; 

FIG. 7 is a diagram showing a first embodiment of the 
switching of base stations for a mobile station according to 
the present invention; 

FIG. 8 is a diagram showing a second embodiment of the 
switching of base stations for a mobile station according to 
the present invention; 

FIG. 9 is a diagram showing a third embodiment of the 
switching of base stations for a mobile station according to 
the present invention; 

FIG. 10 is a diagram showing a fourth embodiment of the 
switching of base stations for a mobile station according to 
a the present invention; 

FIG. 11 is a diagram showing a handover by the initial- 
ization of phase for a spreading code according to the 
present invention; 

FIG. 12 is a diagram showing a first embodiment of an 
initial transmission of power after a handover according to 
the present invention; 

FIG. 13 is a diagram showing a second embodiment of an 
initial transmission of power after a handover according to 
the present invention; 

FIG. 14 is a diagram showing a third embodiment of an 
initial transmission of power after a handover according to 
the present invention; 

FIG. 15 is a diagram showing a fourth embodiment of an 
initial transmission of power after a handover according to 
the present invention; and 

FIG. 16 is a diagram showing the correction of phase for 
a radio frame of the related art. 

DETAILED DESCRIPTION 

For the following description, it is assumed that a mobile 
station MS performs communication at a frequency band fl 
with a first base station BS1. Further, the mobile station 
moves from the radio zone of the first base station BS1 to the 
radio zone of the second base station BS2 using a frequency 
band £2 different from that of the first base station BS1. The 
mobile station MS is configured to detect a header position 
of a radio frame in a perch channel transmitted by the second 
base station BS2, measure a time difference x between a 
header position of a radio frame in an traffic channel and the 
header position of the radio frame in the perch channel of the 
second base station BS2 and then reports this to the first base 
station BS1. 

FIG. 1 is the measurement of the time difference x of the 
frame timings at the mobile station. (A) of the figure shows 
the radio frame in the downstream traffic channel from the 
first base station BS1. Further, (B) of the figure shows the 
radio frame in the perch channel from the second base 
station BS2. 

In the situation where base stations having different 
available frequency bands in the adjoining radio zones, the 
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base station compresses the communication information of 
one radio frame to half the time width of an ordinary 
transmission as shown in (A) of FIG. 1. Further, the base 
station transmits the same at twice the transmission rate 

5 (compression mode). The amount of information transmitted 
is the same as that of the case of the ordinary transmission. 

Accordingly, the mobile station MS receives the commu- 
nication information of one frame in half the time width. The 
remaining time width is an empty time period t emp . The 

10 mobile station MS receives the perch channel from the 
second base station BS2 by utilizing the empty time period 
t^. Further, the mobile station MS measures the time 
difference x between the frame timing in the traffic channel 
and the frame timing in the perch channel from the second 

15 base station. 

The mobile station MS receives the downstream traffic 
channel signal of the frequency band fl from the first base 
station BS1 as a compressed frame, which is half a time 
width. The mobile station then switches the frequency band 

20 of the receiver to the frequency band £2 of the second base 
station BS2 during the remaining half time width, despreads 
the perch channel signal from the second base station BS2 
by the perch channel reception-use spreading code common 
to the system, and detects the timing of the header of the 

25 radio frame in the perch channel of the second base station 
BS2. 

The discrepancy x of the frame timings within one frame 
time is then measured from the time difference between that 
timing and the timing of the header of the radio frame in the 
upstream traffic channel. 

FIG. 2 shows a first embodiment of the phase correction 
of a radio frame according to the present invention. In the 
figure, it is assumed that the mobile station MS is in 
35 communication with the first base station BS1 and moves to 
the radio zone of the second base station BS2. The first base 
station BS1 and the second base station BS2 are connected 
to each other via the higher rank communication network. 

Further, (A) of the figure shows the traffic channel of the 
4Q first base station BS1, and (B) of the figure shows the perch 
channel of the second base station BS2. 

The phase correction of the radio frame is carried out by 
the following procedure. Note that the circled numerals in 
the figure correspond to numbers of this procedure and 
45 indicate the route of a signal during the execution of the 
procedure or the processing apparatus for executing the 
procedure. 

The mobile station MS receives the radio frame in the 
perch channel from the second base station BS2 of the frame 

50 timing shown in (B) of the figure. Further, the MS detects the 
timing of the header thereof and then measures the discrep- 
ancy (time difference) x of the timing within one frame time 
relative to the radio frame in the traffic channel of the first 
base station BS1 of the frame timing shown in (A) of the 

55 figure. 

It should be noted that for each traffic channel of the 
mobile station, the first base station BS1 contains the 
upstream traffic channel and the downstream traffic channel. 
Since there is a relationship in the timing of these radio 

60 frames, the predetermined time interval (1024 chips) is held 
as mentioned above. The difference relative to a radio frame 
in either the downstream traffic channel or the upstream 
traffic channel may be measured as the time difference x 
relative to the perch channel. Here, an explanation is made 

65 of an example where the correction is carried out by mea- 
suring the phase difference relative to the radio frame in the 
upstream traffic channel. 
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The mobile station MS sends the measured time differ- 
ence x to the first base station BS1 . The first base station 
BS1 sends the time difference x received from the mobile 
station MS and the frame number FN1 of the radio frame in 
the upstream traffic channel in communication at the first 5 
base station BS1 to the second base station BS2 via the 
communication network. 

The second base station BS2 determines the phase of the 
radio frame (phase of the spreading code) in the traffic 
channel for performing communications with the mobile i° 
station MS after the handover based on the time difference 
x received from the first base station BS1 and the frame 
number FN1 of the radio frame in communication. 

The procedure of the phase correction for the radio frame 
according to this first embodiment is similarly applied to a 1S 
case where the first base station BS1 and the second base 
station BS2 use the same frequency band. In this case, the 
radio frame in the traffic channel transmitted from the first 
base station BS1 is transmitted without being compressed as 
shown in FIG. 1. Therefore, the ordinary transmission mode 20 
is used. 

In this case, the downstream traffic channel from the first 
base station BS1 and the perch channel from the second base 
station BS2 are transmitted while being spread by spreading 
codes different from each other. The mobile station MS then 
despreads these channels by the spreading codes to receive 
the two channels in parallel by using receivers of the same 
frequency band. 

FIG. 3 shows a second embodiment of the phase correc- 3Q 
tion of the radio frame according to the present invention. 
(A) of the figure shows the upstream traffic channel of the 
mobile station MS. (B) of the figure shows the perch channel 
from the second base station BS2, and (C) of the figure 
shows the phase of the spreading code (hereinafter referred 35 
to as the reception phase) for receiving the radio frame in the 
upstream traffic channel at the second base station BS2. 

The situation where the transmission delay in the higher 
rank communication network reaching the second base 
station BS2 from the first base station BS1 is large, the ^ 
second base station BS2 determines the phase of the radio 
frame for receiving the upstream traffic channel signal from 
the mobile station MS by using the frame number received 
from the first base station BS1 and the time difference x of 
the frame timings. Moreover, at the time of this 45 
determination, there is still a possibility that the communi- 
cation will be carried out between the first base station BS1 
and the mobile station MS by a radio frame advanced from 
the frame number sent to the second base station BS2. 

In such a case, even if the despreading is attempted in the 50 
second base station BS2 with the phase of the determined 
radio frame (phase of the spreading code), the despreading 
would not be successful since the upstream traffic channel 
signal from the mobile station MS is not synchronized with 
BS2. 55 

Explaining this situation by using FIG. 3, assume that the 
first base station BS1 notifies a frame number FN#3 in 
communication and the time difference x of the frame timing 
to the second base station BS2 via the higher rank commu- 
nication network at a time tl. Assume then that this infor- 60 
mation arrives at the second base station BS2 with a time lag 
of one frame or more due to the transmission delay. Thus, at 
a time t2, the second base station BS2 determines the phase 
of the radio frame as the frame number FN#3. 

However, at the time t2, the upstream traffic channel of the 65 
mobile station MS has already advanced to a frame number 
FN#5. Thus, even if the radio frame in the upstream traffic 



channel from the mobile station MS is despread in the 
second base station BS2 with a spread code spreading code 
corresponding to the frame number FN#3, the synchroniza- 
tion cannot be established. 

Id view of the above problem, in the present invention, 
when asynchronization between the phase of the radio frame 
(phase of the spreading code) determined by the received 
frame number and the radio frame in the upstream traffic 
channel from the mobile station MS is detected at the second 
base station BS2, the frame number is further incremented 
by one in the radio frame of the next period. The radio frame 
in the upstream traffic channel from the mobile station MS 
is then despread with the spreading code of the incremented 
frame number, and the above operation is repeated until the 
synchronization is established. 

Explaining the above operation by referring to FIG. 3, at 
the time t3, it is detected that the synchronization cannot be 
established with the spreading code of the frame number 
FN#3. In the next frame period, the next frame number 
FN#4 is skipped since if the synchronization cannot be 
established by the frame number FN#3, the synchronization 
naturally cannot be established even by the spreading code 
of the frame number FN#4 in the next period. 

In the example shown in FIG. 3, at the time t3, the radio 
frame of a frame number FN#6 is transmitted from the 
mobile station MS, and synchronization still cannot be 
established. Therefore, at a time t4 of the next period, 
similarly the frame number is further incremented by one 
again to set the frame number to FN#7. 

The radio frame of the frame number FN#7 is transmitted 
from the mobile station MS with respect to the frame 
number FN#7 set at the time t4, which enables the despread- 
ing to be optimally carried out and the synchronization is 
established here. After this, the frame number may be 
sequentially incremented by one. 

In this way, in the situation where the transmission delay 
of the transmission route reaching the second base station 
BS2 from the first base station via the higher rank commu- 
nication network is large, the synchronization cannot be 
established with the phase of the radio frame of the frame 
number notified from the first base station BS1. Thus, 
according to this embodiment, the frame number is sequen- 
tially incremented every other frame number for every 
period of the radio frame until it catches up to the frame 
number transmitted from the mobile station MS in order to 
establish the synchronization. Note that this embodiment 
can be applied even in the case where the first base station 
BS1 and the second base station BS2 have the same fre- 
quency band. 

FIG. 4 shows a third embodiment of the phase correction 
of a radio frame according to the present invention. (A) of 
the figure shows the upstream traffic channel of the mobile 
station MS, (B) of the figure shows the perch channel from 
the second base station BS2 and (C) of the figure shows the 
reception phase in the upstream traffic channel at the second 
base station BS2. 

This embodiment is preferably applied to a case where the 
transmission delay from the first base station BS1 to the 
second base station BS2 is even larger. Thus, in addition a 
rough delay amount is estimated in advance. When the 
transmission delay from the first base station BS1 to the 
second base station BS2 is large, the mobile station MS 
transmits the radio frame of the frame number advanced 
from the frame number notified to the second base station 
BS2, as mentioned above. 

In such a case, the second base station BS2 advances the 
frame number received from the first base station BS1 with 
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respect to the estimated delay amount. Id particular, the the figure shows the reception phase in the upstream traffic 

frame number received is advanced by the frame number for channel of the first base station BS1, (B) of the figure shows 

attaining a slight margin. the perch channel from the second base station BS2, (C) of 

Tlie second base station BS2 continues the despreading, figwe shows the reception phase in the upstream traffic 

until synchronization is established for every radio frame of 5 channel of the second base station BS2 and (D) of the figure 

the upstream traffic channel signal received by the mobile sh F °, ws «he transmission phase in the upstream traffic channel 

station MS, by the spreading code phase of the frame of * e ™ bl ) e MS - 

number. Therefore, the second base station holds this frame tU n ' four ! h embodiment also corrects the frame number m 

• j , j u r *u * ui* u * r*u u the case where the transmission delay from the first base 

number and stands by for the establishment of the synchro- . T(C1 ^ , . M t>c-> ;„ i«™ 

nization 10 stauon **S1 t0 l " e s^ 011 " base station BS2 is large. 

. ' , , . M . . , L , _ The mobile station MS measures the time difference x of 

In the example shown in FIG. 4, it is assumed that the first the frame timing relauVe tQ ^ perch channel md men ^ n6s 

base station BS1 sends the frame number FN#3 in commu- me ^ difference x to the first base station BS1 . The first 

nication and the time difference x of the frame timing via the base sta tion BS1 sends the time difference x to the second 

higher rank communication network to the second base base station BS2 when the notification of the time difference 

station BS2 at the time tl. The notification information then 15 % 0 f the frame timing is received from the mobile station MS. 

arrives at the second base station BS2 with a time lag of one Note that, at this time, the frame number is not notified, 

frame or more due to the transmission delay. At the time t2, The second base station BS2 transmits the first transmis- 

the second base station BS2 sets a frame number FN#8 s j 0 n delay measurement-use signal containing the frame 

which was advanced by the frame number obtained by number (FN#8 in the case of the example shown in FIG. 5) 

adding a margin to the estimated delay amount for the 20 m the perch channel of the second base station BS2 to the 

received frame number FN#3. first base station BS1 when receiving the information of the 

At the time t2, the upstream traffic channel of the mobile time difference x from the first base station BS1 . 
station MS still transmits the radio frame of the frame When receiving the first transmission delay measurement- 
number FN#5. Thus, even if the radio frame from the mobile US e signal, the first base station BS1 applies the frame 
station MS is despread with the spreading code phase of the 2 number (FN#7 in the case of the example shown in FIG. 5) 
frame number FN#8, synchronization cannot be established to the traffic channel of the first base station BS1 at that time 
at the second base station BS2. 0 f the first transmission delay measurement-use signal and 

In view of the above, when detecting asychronization transmits this as the second transmission delay 

between the phase of the radio frame (phase of the spreading 3Q measurement-use signal to the second base station BS2. 

code) and the radio frame of the upstream traffic from the The second base station BS2 subtracts the frame number 

mobile station MS, in the radio frame of the next period, the (FN#8 above) in the perch channel of the second base station 

second base station BS2 holds the frame number without BS2 at the time of the previously transmitted first transmis- 

increment and performs the despreading of the radio frame sion delay measurement-use signal from the frame number 

of the upstream traffic from the mobile station MS with the 35 (FN#12 in the case of the example of FIG. 5) in the perch 

same spreading code phase. channel of the second base station BS2 at the time of 

la the example shown in FIG. 4, at a time t3, the frame reception of the second transmission delay measurement-use 

number FN#8 is held by the detection of the asynchroniza- signal. This subtraction finds a frame number difference 

tion. The despreading is that carried out with respect to the thereof. 

radio frame of the frame number FN#6 transmitted from the ^ The above described frame number difference corre- 

mobile station MS in order to detect synchronization. In this sponds to the amount of turn around transmission delay 

case, synchronization is not detected. Thus, at the time t4, between the first base station BS1 and the second base 

similarly the frame number FN#8 is held again, and the station BS2, Thus, by dividing the frame number difference 

despreading is performed with respect to the radio frame of by 2, the amount of one-way transmission delay from the 

the next frame number FN#7 transmitted from the mobile 45 first base station BS1 to the second base station BS2 is 

station MS. calculated. In the case of the illustrated example, the amount 

In this case as well, the synchronization is not detected. of one-way transmission delay becomes (12-8)/2=2. 

Thus, a similar operation is repeated. However, at the time The second base station BS2 adds the calculated amount 

t5, the radio frame of the frame number coincident with the of one-way transmission delay to the frame number (FN#7 

frame number FN#8 is set and held at the second base station 50 above) in the traffic channel of the first base station BS1 

BS2, which is transmitted from the mobile station MS. contained in the second transmission delay measurement - 

Therefore, synchronization is established this time. After use signal transmitted from the first base station BS1. The 

this, the frame number is sequentially incremented by one. second base station BS2 then calculates the frame number in 

In this way, even where the transmission delay at the the traffic channel of the first base station BS1 at the time of 

transmission route between the second base station BS2 and ss the reception of the second transmission delay 

first base station BS1 via the higher rank communication measurement-use signal. In the case of the illustrated 

network is large, a frame number is advanced from the example, the frame number of the first base station BS1 at 

received frame number by anticipating the amount of the the time of reception of the second transmission delay 

transmission delay is set and the second base station BS2 measurement-use signal is calculated as 2+7=9. 

stands by until the frame number of the radio frame trans- 60 From this frame number and the time difference x 

mined from the mobile station MS catches up to the received via the first base station BS1, as shown in (C) of the 

advanced frame number and then establishes the synchro- figure, the phase of the spreading code for despreading the 

nization. The third embodiment can also be applied to a case upstream traffic channel from the mobile station MS at the 

where the first base station BS1 and the second base station second base station BS2, that is the phase of the radio frame, 

BS2 have the same frequency band. 65 is determined. Note that this fourth embodiment can also be 

FIG. 5 shows a fourth embodiment of the phase correction applied to the case where the first base station BS1 and the 

of the radio frame according to the present invention. (A) of second base station BS2 have the same frequency band. 
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FIG. 6 shows the start of the transmission of the down- 
stream traffic channel for the second base station according 
to the present invention. (A) of the figure shows the trans- 
mission radio frame in the upstream traffic channel of the 
mobile station MS, (B) of the figure shows the reception 5 
radio frame in the upstream traffic channel of the second 
base station BS2, and (C) of the figure shows the transmis- 
sion radio frame in the downstream traffic channel of the 
second base station BS2. 

In the transmission of the downstream traffic channel at 10 
the second base station BS2, the phase correction of the 
radio frame according to any of the embodiments of the 
present invention previously described is used to bring the 
phase of the reception radio frame (B) in the upstream traffic 
channel at the second base station BS2 in coincidence with 15 
the phase of the transmission radio frame (A) in the 
upstream traffic channel from the mobile station MS (after 
the time tl of the figure) for establishment of 
synchronization, as shown in (C) of FIG. 6. The transmis- 
sion of the downstream traffic channel signal is then started 20 
from the header position (time t2 of the figure) of the radio 
frame of the frame number after the establishment of syn- 
chronization. 

For the downstream traffic channel, the spreading code is 
initialized for every radio frame of a 10 msec period. Thus, 25 
synchronization can be established in a short period of time. 
For this reason, the second base station BS2 is configured to 
start the transmission in the downstream traffic channel after 
the establishment of the synchronization in the upstream 
traffic channel. The second base station BS2 does not 30 
transmit the downstream traffic channel signal until synchro- 
nization is established in order to reduce the transmission of 
an undesired electric wave which can become a source of 
noise. Note that this structure can also be applied to the case 
where the first base station BS1 and the second base station 35 
BS2 have the same frequency band. 

FIG. 7 shows a first embodiment of the switching of the 
base station at the mobile station according to the present 
invention. The mobile station MS switches the received 
downstream traffic channel from the first base station BS1 in 
communication to the second base station BS2. The proce- 
dure thereof is described below. 

The second base station BS2 establishes synchronization 
with the upstream traffic channel signal from the mobile 45 
station MS. The second base station BS2 then starts the 
transmission in the downstream traffic channel with the 
frequency band £2 different from that of the first base station. 

Further, the second base station BS2 notifies the start of 
transmission in the downstream traffic channel to the first 50 
base station BS1 via the higher rank communication net- 
work. The first base station BS1 then notifies the mobile 
station MS that the second base station BS2 started the 
transmission in the downstream traffic channel The mobile 
station MS switches the reception frequency band from the 55 
frequency band fl of the first base station BS1 to the 
frequency band £2 of the second base station BS2. 

FIG. 8 shows a second embodiment the switching of the 
base station at the mobile station according to the present 
invention. The mobile station MS switches the base station 60 
to be linked by the following procedure. 

The mobile station MS reports the time difference x 
between frame timings of the first base station BS1 and the 
second base station BS2 to the first base station BS1 in. 

The mobile station MS starts the monitoring of the 65 
downstream traffic channel signal from the second base 
station BS2 by utilizing the empty time period of the 
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compression mode, as previously described. The mobile 
station MS then switches the frequency band from the first 
base station BS1 to the second base station BS2 in 3 at the 
time of detecting the downstream traffic channel signal from 
the second base station BS2, Further, the mobile station 
performs the communication thereafter only with the second 
base station BS2. 

Note that, it is assumed that, when the downstream traffic 
channel signal is transmitted from the second base station 
BS2 in the compression mode, the second base station BS2 
transmits a similar downstream traffic channel signal even in 
the empty time period of the compression mode. 

FIG. 9 shows a third embodiment the switching of the 
base station at the mobile station according to the present 
invention. The mobile station MS switches the base station 
to be linked by the following procedure. 

The mobile station MS reports the time difference x 
between frame timings of the first base station BS1 and the 
second base station BS2 to the first base station BS1 in. 
Thereafter, the mobile station MS continues the communi- 
cation with the first base station BS1 for a constant time 
period set in advance. 

The second base station BS2 issues an alarm to the mobile 
station MS via the higher rank communication network at 
the first base station BS1 in. The mobile station is notified of 
the alarm within the above constant time period where the 
upstream traffic channel signal from the mobile station MS 
cannot be received after the frame phase information con- 
taining the time difference t is notified from the first base 
station. 

The mobile station MS then switches the frequency band 
from the frequency band of the first base station BS1 to the 
frequency band of the second base station BS2 if it does not 
receive any alarm through the first base station BS1 within 
the above predetermined time period. After this, the mobile 
station performs the communication with the second base 
station BS2. If the mobile station MS receives the alarm 
within the above predetermined time period, the mobile 
station MS recognizes that the handover is impossible and 
displays this. 

FIG. 10 shows a fourth embodiment of the switching of 
the base station at the mobile station according to the present 
invention. The switching of the base station according to the 
above described first to third embodiments were predicated 
on the fact that the second base station BS2 functions to 
receive two frequency bands of the fl and £2. However, the 
switching of the base station according to the fourth embodi- 
ment is an embodiment of the case where the second base 
station BS2 only functions to receive the frequency band £2. 
Thus, the upstream traffic channel signal of the mobile 
station MS performing the communication with the first base 
station BS1 cannot be received at the second base station 
BS2. 

The mobile station MS switches the base station to be 
linked by the following procedure: The mobile station MS 
reports the time difference x between frame timings of the 
first base station BS1 and the second base station BS2 to the 
first base station BS1 in. 

The mobile station MS switches the transmission and 
reception frequency bands to the frequency band £2 of the 
second base station BS2 in. This switching occurs simulta- 
neously with the report of the time difference x. The mobile 
station MS then performs the communication with the 
second base station BS2 thereafter. 

A delay of one frame or more can occur in the frame 
number sent from the first base station BS1 when perform- 
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ing the phase correction in the upstream traffic channel, as necessary to send the fixed information, the notification of 

previously described. This correction includes the first base the frame number is not carried out. 

station sending both the time difference x of the frame timing In this embodiment, as in the switching of the base station 

and the frame number. If such a delay occurs, the second at the mobile station MS according to the second embodi- 

base station BS2 receives the signal of the frequency band 5 ment shown in FIG. 8. The mobile station MS monitors the 

f2 transmitted from the mobile station MS after the switch- downstream traffic channel signal from the second base 

ing of the base station and performs the phase correction of station BS2 utilizing the empty time period of the compres- 

the radio frame according to the second or third embodiment sion modc and switches the same to the frequency band of 

of the present invention, as previously described. * e base station BS2 at the time of detecting the 

t c *u u. * *• -j- * a. r m downstream traffic channel signal. Furthermore, the second 

In switching of the base station according to the fourth 10 ^ ^ ^ coiQcidence 

embodiment, an instantaneous stoppage wj occur m the ^ the tream traffic chanQC , from tfac mobi]e statk)n MS 
traffic channel until the second base station BS2 establishes by c^cting the timing according to the time difference x 
the synchronization with the mobile station MS and the of ^ timin ^ in^zing the phase of the spread- 
mobile station MS switches the transmission and reception ^ g C0( j e 

frequency bands. However, the instantaneous stoppage is is ^ ^ fof ^ fe ^ ^ tr£msmission ^ of ^ 

only for a small period of time, so not to cause an obstacle radio frame ^ ^ upstream ^ chanQel ffom ^ mobile 

m speech, etc. in practice. s(ation faas a predetermined relationship (the radio frame in 

Accordingly, in switching of the base station according to me upstream traffic channel is transmitted after the elapse of 

the fourth embodiment, the base station is configured to me ^ mc of for example 1024 chips from the timing of 

transmit and receive only the signal of the frequency band 20 reC eption of the radio frame in the downstream traffic 

used in its own apparatus. Therefore, the handover can be channel) with the reception timing of the radio frame in the 

carried out even if it is unable to receive the signal of the downstream traffic channel. Therefore, the second base 

frequency band used in the adjoining base station. station BS2 can correctly (note, an error due to jitter or the 

Note that the switching of the base station in the mobile \fo c is contained) predict the timing of the start of the 

station MS can be performed by providing a plurality of 2 transmission for the upstream traffic channel signal from the 

switching means according to the above embodiments and mobile station when the transmission of the downstream 

selecting one of these switching means by an instruction traffic channel signal is started. 

from the base station BS1 in communication at the start of ^ previously described, the frequency band is switched 

the handover. ^ to tne frequency band of the second base station BS2 after 

FIG. 11 shows the handover by the phase initialization of the notification of the time difference x from the mobile 

the spreading code according to the present invention. (A) of station MS. The switching can occur immediately or after a 

the figure is the radio frame in the upstream traffic channel predetermined time. However, by adopting a structure in 

in communication with the first base station BS1 and (B) of which the phase of the spreading code in the upstream traffic 

the figure is the radio frame in the upstream traffic channel 35 channel is initialized immediately after the mobile station 

in communication with the second base station BS2 after MS notifies the time difference t, the second base station 

handover. BS2 for initializing the upstream traffic channel reception- 

As shown, when switching the frequency band from the use spreading code can more efficiently establish synchro- 
first base station BS1 to the second base station BS2 and nization when the time difference x of the frame timing is 
transmitting the upstream traffic channel signal, the mobile ^ sent from the first base station BS1. 
station MS initializes the phase of the spreading code at the N 0 te in this case, when the notification of the time 
time of switching and transmits the same from the radio difference x from the first base station BS1 relative to the 
frame of the first frame number. second base station BS2 is accompanied with a transmission 

Further, the second base station BS2 initializes the phase delay, a discrepancy will occur between the phase of the 
of the spreading code for the reception of the upstream traffic 4S upstream traffic channel signal and the phase of the spread- 
channel signal (despread) after the time difference x of the ing code of the second base station BS2. Although in this 
frame timing is sent from the first base station BS1, as case, the frame phase can be synchronized by the phase 
previously described. correction of the radio frame according to the second or third 

Further, the second base station BS2 does not have to embodiment shown in FIG. 3 or FIG. 4. 

calculate the frame number presently being transmitted, in 50 Next, a discussion of the initial power required for trans- 

the upstream traffic channel (phase of the spreading code for mission with respect to the second base station BS2 by the 

despread) of the mobile station MS. It is sufficient only to mobile station after handover. FIG. 12 shows a first embodi- 

initialize the phase of the spreading code at the time of the ment of the initial transmission power after handover 

switching of the frequency band of the mobile station MS. according to the present invention. The abscissa shows the 

Therefore, the processing required for this procedure is 55 time, which indicates that the handover is carried out at time 

reduced. tl. Further, the ordinate shows the transmission power of the 

Further, it is also sufficient that the first base station BS1 mobile station MS. 

only sends the time difference x of the frame timing to the The second base station BS2 for performing the phase 

second base station BS2. Therefore, the first base station correction of the radio frame according to either the second 

BS1 does not have to notify the frame number in the 60 or third embodiments shown in FIG. 3 or FIG. 4, receives the 

upstream traffic channel in communication. upstream traffic channel signal transmitted to the first base 

The principle of the phase correction of the radio frame station BS1 by the mobile station MS. Further, the second 
according to this embodiment is equivalent to the first frame base station despreads the signal and establishes synchro- 
number #0 being always notified as the frame number in the nization of the phase of the spreading code. Thus, if syn- 
upstream traffic channel to the second base station BS2 in 65 chronization is normally established, this means that the 
the phase correction of the radio frame according to the first upstream traffic channel signal from the mobile station MS 
embodiment. Therefore, in this embodiment, since it is not is normally received. 
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As shown in FIG. 12, the mobile station MS performs the 
transmission even immediately after the handover with the 
same power as the power transmitted to the first base station 
BS1 immediately before the handover. After this, the mobile 
station MS can perform closed loop control of the transmis- 5 
sion power between the second base station BS2 and the 
mobile station MS. 

FIG. 13 shows a second embodiment of the initial trans- 
mission power after handover according to the present 
invention. The initial transmission power forwarded to the 10 
second base station BS2 by the mobile station MS after 
handover is determined as follows. 

Immediately before the handover, the upstream traffic 
channel signal from the mobile station MS to the first base 
station BS1 has been already received at the second base 15 
station BS2. Therefore, the second base station BS2 deter- 
mines the optimum transmission power of the mobile station 
MS based on this signal and notifies the same to the mobile 
station MS. 

In order to determine the optimum transmission power, 
the second base station BS2 measures or the reception level 
of the upstream traffic channel signal from the mobile station 
MS a ratio of the energy per Bit of the signal and the 
interference power Eb/I 0 etc. of the reception level. The 25 
second base station BS2 then determines the initial trans- 
mission power of the mobile station MS after the handover 
(switch of the frequency band) by using the information. 

The second base station BS2 transmits the value of the 
initial transmission power after the handover to the mobile 30 
station MS via the higher rank communication network and 
the first base station BS1 to specify the transmission power 
of the mobile station MS. 

FIG. 14 shows a third embodiment of the initial trans- 
mission power after the handover according to the present 35 
invention. It is also possible to further determine the initial 
transmission power forwarded to the second base station 
BS2 by the mobile station MS after the handover, as follows. 

The mobile station MS determines the optimum transmis- 
sion power based on the measurement information such as 40 
the ratio of the energy per bit of the signal and the interfer- 
ence power EB/I 0 or the reception level of the perch channel 
signal from the second base station BS2 measured in the 
empty time period of the compression mode, as mentioned 
above. 45 

The mobile station MS performs the transmission after the 
handover with the optimum determined power. Thereafter, 
the closed loop transmission power control is carried out 
between the second base station BS2 and the mobile station 
MS. 

FIG. 15 shows a fourth embodiment of the initial trans- 
mission power after the handover according to the present 
invention. It is also possible to further determine the initial 
transmission power forwarded to the second base station 55 
BS2 by the mobile station MS after the handover as follows. 

The mobile station MS determines the optimum transmis- 
sion power based on the measurement information such as 
the ratio of the energy per bit of the signal and the interfer- 
ence power Eb/I 0 or the reception level of the downstream 60 
traffic channel signal from the second base station BS2 
measured in the empty time of the compression mode. 
Further, the MS performs the transmission after the han- 
dover with the optimum determined power. Thereafter, 
closed loop control of the transmission power is carried out 65 
between the second base station BS2 and the mobile station 
MS. 



50 



As described above, according to the present invention, a 
handover operation can be performed even in the case where 
the traffic channel is not synchronized between the base 
stations before and after the handover and the frequency 
band to be used changes. By performing the phase correction 
of the radio frame containing the discrepancy of the frame 
number on the base station side, it is sufficient only to 
measure for the mobile station the discrepancy between the 
frame timings within one frame and send the information to 
the base station. Thus, the load of the mobile station is small, 
and, on the base station side, even in the case where the 
transmission delay between the present and the next base 
station is large, the next base station can optimally establish 
synchronization at the handover in a short time. This is 
accomplished by synchronizing the phase of the spreading 
code for receiving the radio frame in the upstream traffic 
channel with the phase of the spreading code of the radio 
frame in the upstream traffic channel from the mobile station 
based on the frame number notified from the present base 
station. 

What is claimed is: 

1. A handover method in CDMA mobile communications 
for transmitting and receiving radio frames having a prede- 
termined length between a mobile station and a base station, 
and spreading an upstream traffic channel signal between the 
mobile station and the base station by a spreading code and 
then transmitting the spread signal, comprising: 

measuring a time difference at the mobile station between 
a radio frame of a traffic channel from a first base 
station in communication with the mobile station and a 
radio frame of a perch channel from a second base 
station; 

sending the time difference information to the first base 
station; 

sending to the second base station the time difference 
information and a frame number of the radio frame of 
the traffic channel from the first base station; and 

performing a phase correction of the spreading code in the 
second base station according to the time difference 
information and the frame number, thereby bringing the 
phase of the spreading code for despreading the radio 
frame in the upstream traffic channel in the second base 
station into coincidence with the phase of the spreading 
code in the upstream traffic channel transmitted from 
the mobile station. 

2. The method of claim 1, wherein the time difference 
corresponds to a period which is shorter than a time period 
of one frame, the frame number is determined in the first 
base station, and where the time difference information and 
the frame number is sent from the first base station to the 
second base station via a mobile communication network. 

3. The method of claim 1, in case synchronization is not 
established in the upstream traffic channel according to the 
step of performing a phase correction, further comprising: 

advancing the phase of the spreading code for despread- 
ing a next radio frame to a phase corresponding to a 
radio frame number incremented by a number greater 
than one and sequentially advancing the phase of the 
spreading code corresponding to the incrementing 
radio frame number for every period of the radio frame 
until synchronization is established, and 

thereby performing the phase correction, bringing the 
phase of the spreading code for despreading the radio 
frame in the upstream traffic channel at the second base 
station into coincidence with the phase of the spreading 
code of the radio frame in the upstream traffic channel 
transmitted from the mobile station. 
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4. The method of claim 1, further comprising: 

setting the phase of the spreading code to a phase corre- 
sponding to a frame number advanced by a predeter- 
mined number from the frame number of the radio 
frame of the traffic channel from the first base station; 5 

despreading by the set phase of the spreading code for 
each radio frame signal of the upstream traffic channel 
sequentially transmitted from the mobile station until 
the establishment of synchronization is detected; and 

thereby performing the phase correction, bringing the 10 
phase of the spreading code for despreading the radio 
frame in the upstream traffic channel at the second base 
station into coincidence with the phase of the spreading 
code of the radio frame in the upstream traffic channel 
transmitted from the mobile station. 15 

5. The method of claim 1, wherein the steps of sending to 
the second base station and performing the phase correction 
further defined as comprising: 

sending the time difference information to the second base 
station; 

detecting a frame number of the perch channel of the 
second base station when receiving the time difference 
information; 

transmitting a first transmission delay measurement-use 
signal to the first base station; 

transmitting to the second base station a second transmis- 
sion delay measurement-use signal including the frame 
number of the traffic channel at the first base station 
when receiving the first transmission delay 3Q 
measurement-use signal; 

calculating an amount of transmission delay between the 
first base station and the second base station by using 
a difference between a value of the frame number of the 
perch channel of the second base station at the recep- 35 
tion of the second transmission delay measurement-use 
signal and a value of the frame number of the perch 
channel of the second base station at the transmission 
of the first transmission delay measurement -use signal; 
and 40 

correcting the frame number of the traffic channel 
included in the second transmission delay 
measurement-use signal from the first base station 
based on the amount of transmission delay, the cor- 
rected frame number calculated to make the phase of 45 
the spreading code for despreading the radio frame in 
the upstream traffic channel at the second base station 
correspond thereto; and thereby 

bringing the phase of the spreading code for despreading 
the radio frame in the upstream traffic channel at the 50 
second base station into coincidence with the phase of 
the spreading code of the radio frame in the upstream 
traffic channel transmitted from the mobile station. 

6. The method of claim 1, further comprising starting 
transmission of the downstream traffic channel signal at the 55 
second base station. 

7. The method of claim 6, wherein the second base station 
notifies the mobile station of the start of the transmission of 
the downstream traffic channel signal, and the mobile station 
switches a communication frequency band from the fre- 60 
quency band of the first base station to the frequency band 

of the second base station. 

8. The method of claim 7, wherein the mobile station is 
notified via the first base station. 

9. The handover method of claim 6, wherein: 65 
the mobile station sends the time difference information to 

the first base station and then monitors for the trans- 



mission start of the downstream traffic channel signal 
from the second base station; and 
the mobile station further switches a communication 
frequency band from the frequency band of the first 
base station to the frequency band of the second base 
station when detecting the transmission start of the 
downstream traffic channel signal from the second base 
station. 

10. The method of claim 1, wherein after the mobile 
station sends the time difference information, the mobile 
station continues communicating with the first base station 
for a predetermined period of time; 

the second base station after performing the phase 
correction, notifying the mobile station of an alarm 
within the predetermined period of time if the upstream 
traffic channel from the mobile station is not received 
in the second base station; and 

the mobile station switching a communication frequency 
band from the frequency band of the first base station 
to the frequency band of the second base station after 
an elapse of the predetermined period and the mobile 
station has not been notified of the alarm. 

11. The method of claim 10, wherein notifying the mobile 
station of the alarm is performed via the first base station. 

12. The method of claim 1, wherein the mobile station 
switches a communication frequency band from the fre- 
quency band of the first base station to the frequency band 
of the second base station immediately after sending the 
time difference information to the first base station in 
communication with the mobile station. 

13. A CDMA mobile communication system for perform- 
ing a handover operation, the system including a mobile 
station and a base station communicating by radio frames 
having a predetermined length, for spreading an upstream 
traffic channel signal from the mobile station to the base 
station by a spreading code and transmitting the spread 
signal, comprising: 

a mobile station for measuring a time difference between 
a radio frame in a traffic channel of a first base station 
in communication with the mobile station and a radio 
frame in a perch channel from a second base station and 
sending the time difference information to the first base 
station; 

the first base station sending the time difference 
information, sent from the mobile station, to the second 
base station; 

the second base station, correcting a reception timing 
according to the time difference information sent from 
the first base station, thereby bringing the frame timing 
for receiving, at the second base station the radio frame 
in upstream traffic channel into coincidence with the 
frame timing of the radio frame in an upstream traffic 
channel transmitted from the mobile station; 

the mobile station initializing the phase of the spreading 
code in the upstream traffic channel when at least one 
of switching a communication frequency band from the 
frequency band of the first base station to the frequency 
band of the second base station and sending the time 
difference information to the first base station; and 

the second base station initializing the phase of the 
spreading code for receiving the radio frame in the 
upstream traffic channel when receiving the time dif- 
ference information sent from the first base station. 

14. The system of claim 13, where the first base station 
sends the time difference information to the second base 
station via a high rank communication network. 
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15. The system of claim 14, wherein the second base 
station corrects the reception timing for the upstream traffic 
channel when the establishment of synchronization is not 
detected and when receiving the upstream traffic channel 
signal from the mobile station. 5 

16. A base station for a CDMA mobile communication 
system for transmitting and receiving, with a mobile station, 
radio frames having a predetermined length, for despreading 
an upstream traffic channel signal from the mobile station to 
the base station by a spreading code and receiving the JQ 
despread signal, comprising: 

means for receiving time difference information from 
another base station, said time difference information is 
a time difference between a radio frame of a traffic 
channel and a radio frame of a perch channel; 

means for performing a phase correction for bringing a 15 
phase of a spreading code for despreading the radio 
frame in the upstream traffic channel of the mobile 
station into coincidence with a phase of a spreading 
code of the radio frame in the upstream traffic channel 
from the mobile station based on the time difference 20 
information and a frame number of the radio frame in 
the traffic channel; 

means for receiving a frame number of the radio frame in 
the traffic channel of the mobile station; and 

means for sequentially incrementing by every other frame 
number and corresponding the frame number to a 
received radio frame for every period of the radio frame 
until synchronization is established and further 
despreading the upstream traffic channel signal by a 3Q 
spreading code of a phase corresponding to the frame 
number to detect the establishment of synchronization. 

17. A base station for a CDMA mobile communication 
system for transmitting and receiving, with a mobile station, 
radio frames having a predetermined length, for despreading ^ 
an upstream traffic channel signal from the mobile station to 
the base station by a spreading code and receiving the 
despread signal, comprising: 

means for receiving time difference information from 
another base station, said time difference information is 
a time difference between a radio frame of a traffic 
channel and a radio frame of a perch channel; and 

means for performing a phase correction for bringing a 
phase of a spreading code for despreading the radio 
frame in the upstream traffic channel of the mobile 4S 
station into coincidence with a phase of a spreading 
code of the radio frame in the upstream traffic channel 
from the mobile station based on the time difference 
information and a frame number of the radio frame in 
the traffic channel; 50 

means for receiving a frame number of the radio frame in 
the traffic channel of the mobile station; and 

means for temporarily setting a phase of a spreading code 
corresponding to the received frame number advanced 
by a predetermined number and further despreading by 55 
the temporarily set spreading code for each radio frame 
signal in the upstream traffic channel sequentially trans- 
mitted from the mobile station until the establishment 
of synchronization is detected. 

18. A base station for a CDMA mobile communication eo 
system for transmitting and receiving, with a mobile station, 
radio frames having a predetermined length, for despreading 
an upstream traffic channel signal from the mobile station to 
the base station by a spreading code and receiving the 
despread signal, comprising: 65 

means for receiving time difference information from 
another base station, said time difference information is 



40 



a time difference between a radio frame of a traffic 
channel and a radio frame of a perch channel; 

means for performing a phase correction for bringing a 
phase of a spreading code for despreading the radio 
frame in the upstream traffic channel of the mobile 
station into coincidence with a phase of a spreading 
code of the radio frame in the upstream traffic channel 
from the mobile station based on the time difference 
information and a frame number of the radio frame in 
the traffic channel; 

means for detecting a frame number in a perch channel 
when notified of the time difference information from 
the other base station in communication with the 
mobile station and transmitting a first transmission 
delay measurement-use signal to the other base station; 

means for receiving a second transmission delay 
measurement-use signal and finding an amount of 
transmission delay between the base station and the 
other base station from the difference between the value 
of the frame number in the perch channel at the time of 
reception of the second transmission delay 
measurement-use signal and the value of the frame 
number in the perch channel at the time of transmission 
of the first transmission delay measurement-use signal; 
and 

means for correcting a frame number in the traffic channel 
included in the second transmission delay 
measurement-use signal based on the amount of trans- 
mission delay to make the phase of the spreading code 
corresponding to the corrected frame number as the 
spreading code for receiving the radio frame in the 
upstream traffic channel after the a handover. 

19. A base station for a CDMA mobile communication 
system for transmitting and receiving, with a mobile station, 
radio frames having a predetermined length, for despreading 
an upstream traffic channel signal from the mobile station to 
the base station by a spreading code and receiving the 
despread signal, comprising: 

means for receiving time difference information from 
another base station, said time difference information is 
a time difference between a radio frame of a traffic 
channel and a radio frame of a perch channel; 

means for performing a phase correction for bringing a 
phase of a spreading code for despreading the radio 
frame in the upstream traffic channel of the mobile 
station into coincidence with a phase of a spreading 
code of the radio frame in the upstream traffic channel 
from the mobile station based on the time difference 
information and a frame number of the radio frame in 
the traffic channel; and 

means for notifying the mobile station of an alarms via the 
base station in communication with the mobile station, 
when the upstream traffic channel signal is not received 
from the mobile station within a predetermined period 
of time after performing the phase correction. 

20. A base station in a CDMA mobile communication 
system for transmitting and receiving, with a mobile station, 
radio frames having a predetermined length, for despreading 
an upstream traffic channel signal from the mobile station by 
a spreading code and receiving the despread signal, com- 
prising: 

means for receiving time difference information, said time 
difference information is a time difference between a 
radio frame in a traffic channel and a radio frame in a 
perch channel; 

means for sending the time difference information to 
another base station, the other base station a destination 
of We a handover of the mobile station; and 
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means for initializing a phase of a spreading code for 
receiving the upstream traffic channel signal when 
receiving the time difference information. 

21. The base station of claim 20, which further includes 
means for performing the phase correction with respect to 5 
the upstream traffic channel signal after handover. 

22. A mobile station in a CDMA mobile communication 
system for transmitting and receiving, with a base station, in 
units of a radio frame having a predetermined length, for 
spreading an upstream traffic channel signal by a spreading 10 
code, and transmitting the spread signal to the base station, 
comprising: 

means for measuring a time difference between a radio 
frame in a traffic channel from a first base station and 
a radio frame in a perch channel from a second base 15 
station, said second base station being the destination 
of handover. 

means for sending radio frame phase information indi- 
cating only the measured time difference; and 

means for switching a communication frequency band 
from the frequency band of the first base station to the 
frequency band of the second base station when receiv- 
ing notification of start of transmission of a down- 
stream traffic channel signal from the second base 25 
station. 

23. The mobile station of claim 22, wherein the notifica- 
tion of the start of transmission is sent via the first base 
station. 

24. A mobile station in a CDMA mobile communication 
system for transmitting and receiving, with a base station, in 
units of a radio frame having a predetermined length, for 
spreading an upstream traffic channel signal by a spreading 
code, and transmitting the spread signal to the base station, 
comprising: 3S 

means for measuring a time difference between a radio 
frame in a traffic channel from a first base station and 
a radio frame in a perch channel from a second base 
station, said second base station being the destination 
of handover; 
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means for sending radio frame phase information indi- 
cating only the measured time difference; 
means for monitoring transmission start of a downstream 
traffic channel signal from the second base station after 
sending the radio frame phase information to the first 
base station; and 
means for switching a communication frequency band 
from the frequency band of the first base station to the 
frequency band of the second base station when detect- 
ing the transmission start of the downstream traffic 
channel signal from the second base station by the 
means for monitoring the transmission start. 
25. A mobile station in a CDMA mobile communication 
system for transmitting and receiving, with a base station, in 
units of a radio frame having a predetermined length, for 
spreading an upstream traffic channel signal by a spreading 
code, and transmitting the spread signal to the base station, 
comprising: 

means for measuring a time difference between a radio 
frame in a traffic channel from a first base station and 
a radio frame in a perch channel from a second base 
station, said second base station being the destination 
of handover; 

means for sending radio frame phase information indi- 
cating only the measured time difference; 

means for continuing communication with the first base 
station for a predetermined period of time after sending 
the radio frame phase information to the first base 
station; 

means for receiving an alarm from the second base station 
if an upstream traffic channel is not received from the 
mobile station during the predetermined period of time; 
and 

means for switching a communication frequency band 
from the frequency band of the first base station to the 
frequency band of the second base station if the alarm 
is not received within the predetermined period of time. 
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